SUMMARY Nineteen cases of pneumatosis cystoides intestinalis all affecting adults and all involving the small intestine have been collected in two centres of Iran (Shiraz and Tehran) over a 20 year period, the pathological findings being divided into three groups: pure submucosal, combined submucosal and subserosal, and pure subserosal cysts. Experimental PCI was produced in cadavers using high pressure oxygen insuflation of the lungs, thus lending support to the theory that it has a mechanical origin. Othet theories of aetiology include tumour, nutritional deficiencies, gasforming organisms, alveolar rupture, and acid-base disturbance. In most of the cases presented high intraluminal pressure produced by obstruction appeared to force intraluminal gas through a breach in the mucosa into either the lymphatics or perivascular tissue to produce PCI. It is concluded that the aetiology in the vast majority of adult cases is mechanical in nature and that bacteria seem to play very little part, unlike their role in the PCI of infants.
Pneumatosis cystoides intestinalis (PCI) is a condition in which air is found, characteristically, in encysted form in any part of the gastrointestinal tract. However, although it is a rare disease, a steady stream of reports on it have been appearing in the literature since Du Vernoi (1783) first noticed the condition and Bang (1876) who reportedly gave a complete description of the first case observed in human necropsy. The extensive review by MacKenzie (1951) , Koss in 1952 , Romeo (1967 , and the more recent review by Ecker et al. (1971) and the experience of the Mayo Clinic, reported by Shallal et al. (1974) , give an idea of the accumulated world experience of this condition. As far as the aetiology of this 'disease' is concerned the reader should refer to the works of Finney (1908) , Eveleth and Biester (1938) , Koss (1952) , Keyting et al. (1961) , Doub and Shea (1960) , Kenney (1963) and, in more recent years, to Stone et al. (1970) and Yale et al. (1974) . The distribution of this disease appears to be world-wide and favours no particular geographical area, although, to our knowledge, no studies have appeared in the world literature with particular reference to this point. As far as the site of the cysts are concerned, no part of the gastrointestinal tract appears to be immune from gas cyst formation and cysts from the oesophagus (Vanasin et al., 1971) to the rectum (Babb and Sox, 1970) (Smith et al., 1958; Doub and Shea, 1960; Kristensen, 1974) , which may point to a significant move in the pathophysiological behaviour of the disease. The age of the patient appears to be relevant, in that the PCI of the infant age group is significantly different, both in aetiology and prognosis, from that seen in adults (Stone et al., 1970 (Fig. 2) illustrating the bubbles of air tracking along the vessels ofmesentery ofcolon, reaching the subserosa of the transverse colon. Air was also felt submucosally, but these bubbles were difficult to demonstrate photographically. These experiments convinced us of the mechanism referred to by Doub and Shea that air under pressure can track from the lung via the mediastinum to the surface of the stomach, to the base of mesentery, and, once there, by following the vessels, it can reach virtually anywhere along the gastrointestinal tract and give rise to both submucosal and subserosal PCI. It also illustrates how, once air has found its way under the subserosal plane from a breach in the mucosa, it follows the vessels of the mesentery tracking distally or proximally to anywhere in the gastrointestinal tract. This may be the explanation for the often-noted observation of the cysts being found some distance from the site of obstruction or the breach in the mucosa. This, we believe, is the first time this mechanism has been shown in the human cadaver, previous experiments having been carried out on animals.
Discussion
Various hypotheses have been advanced to explain adult PCI, and in Table 2 a list of theories proposed by various authors is given.
Finney in 1908 suggested a gas-forming tumour as the main cause, but, so far, no histological or pathological proof of such tumour has been submitted. In 1938 Eveleth and Biester proposed a nutritional deficiency theory based on their observations in hogs fed on polished rice. This theory is somewhat similar to that postulated by Coello-Ramirez et al. (1970) that a temporary disaccharidase deficiency prevents digestion of carbohydrates and increases bacterial fermentation in the gut, producing large volumes of gas leading to distention, ischaemia, and subsequently submucosal dissection of gas. In 1952 Koss, in his extensive review of PCI, mentioned and supported the two theories that in some, gas-producing organisms are the main cause and in others a mechanical factor.
In 1960, Doub and Shea, and in 1961, Keyting etal . provided some experimental and statistical evidence that, in some patients suffering from obstructive lung disease, the air originates from the lung. Here they postulated alveolar rupture giving rise to pneumomediastinum and tracking of air from there to the gastrointestinal tract.
Trauma has been proposed as an aetiological factor and a recent report (Shuck et al., 1974) has appeared in the literature. Kenney (1963) In 1963 Kenney proposed that these patients have acid-base disturbances with difficulty in excretion of CO2 and that the PCI may represent an attempt by the body to get rid of excess C02. Gas analysis of the contents of these cysts has shown variable contents of hydrogen, 10 %-50 %; oxygen, 7 %-20 %, and C02, 1 %-15 %, but relatively constant amounts of N2, approximately 70 %-75 % (Stiennon, 1951; Mujahed and Evans, 1958; Hughes et al., 1966) . Recent reports of the disappearance of cysts in the distal colon with pure oxygen therapy (Forgacs et al., 1973; Down and Castleden, 1975 ) and the gas diffusion theory of constant replenishment of the gas contents of these cysts, may be bringing us close to a unified theory of aetiology, mooted by various authors in recent papers who suggest that the spaces are created by mechanical means but that the gas in them is replenished by gas diffusion from the bowel (Wyatt, 1972) . The fact that PCI has been found recently as a complication ofjejunoileal bypass (Sicard etal., 1976) may be yet another step towards finding a unified aetiology.
It appears that there are certain conditionsunknown or ill-proven as yet-which replenish the gas in the cysts or prevent its absorption. Our experiments show one route by which these cysts may initially be formed and possibly the air in them replenished for at least the initial period and, as these are people with chronic obstructive lung disease, the acid-base theory may continue the replenishment. However, this is not the full answer and it does not explain the majority of cases which are related to obstructive gastrointestinal disease. PCI is not a 'disease' by itself, and therefore cannot have a single aetiology. It is a 'secondary manifestation of the reaction of the body to a variety of conditions'. It can be likened to pyrexia. We would be foolish if we attempted to seek a single aetiology for pyrexia. However, with our seven-year experience of this condition, one of the authors (F.N.) is convinced that the initial mechanism for the production of these cysts is, in the vast majority of cases, mechanical in nature. Most of these fall into the category of breach in the mucosa of the gastrointestinal tract with an accompanying obstruction. It can be seen in our cases that the majority had a gastric or a duodenal ulcer with an obstruction (mainly of the gastric outlet). The force of this type of obstruction and the air pressures produced must by no means be underestimated, for we have seen some radiographic plates (Fig. 3) and witnessed clinically some distended abdomens which testify to very high pressures. The plate shown is a straight upright film of the abdomen of one of these patients with pneumoperitoneum forcing the liver downwards and to the midline; the distension of the stomach can easily be seen. We are convinced that in all cases the pressures in these circumstances are sufficient to force air through the breach in the mucosa submucosally, to reach the subserosal space and from there to travel anywhere along the small or large intestine. In the remaining cases the initial cause is as described by Doub and Shea (1960) and confirmed by our experiments; probably the maintenance of these cysts is either through repeated alveolar rupture or acid-base disturbance. We have not seen a case complying with this latter theory but it has been well established by reports in the literature. On one or two occasions we have had the opportunity to observe the repeated recurrence of pneumoperitoneum and signs of PCI confirmed at operation and the disappearance of PCI and all symptoms once treatment was directed to the cause of obstruction and ulcer. This emphasises the fact that this condition is a secondary manifestation and treatment should be directed to the cause rather than to removal of the bowel involved with PCI.
Finally, we must mention the bacterial theory (Yale et al., 1974) and the more recent reports of experiments performed (Yale, 1975) that support this theory. As mentioned earlier in this article, there is no doubt that bacteria are the main cause of PCI in infants and also in some adults, with devastatingly high mortality. In three of our cases (group A) this condition was found as a terminal event at necropsy. However, in our experience in the majority of our cases if the PCI was bacterial in origin then it would also have similar symptoms and similar course and mortality as that seen in infants, which it does not. There is no doubt that this variety of PCI is a benign phenomenon and if bacteria have been found in these cysts then we believe they are secondary in nature and do not contribute significantly to the cause of this phenomenon.
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